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Abstract 
Physical and cultural conditions are fundamental factors in creating the formation of a terraced agricultural landscape. Studying 
the formation of terraced landscape is essential in order to understand the interaction between human activities and the natural 
processes that can be used to strengthen the adaptive capability in response to climate change and environment control. Terraced 
agricultural landscape in Batukaru Mountain’s slope was selected as one of major terraced rice landscapes in Bali. The spatial 
pattern distribution and characteristics of landscapes were investigated using geographical information system, and the 
indigenous knowledge mechanism behinds the sustainability was discussed physically and culturally. The results showed that the 
harmony between the vertical pattern of the landscape, shape of terrace, irrigation system and conservative vegetative landscape 
along the steep slope and high elevation has protected the landscape. The controlled irrigation system has assured water to flow 
from the top to the bottom and even to places that seem impossible to reach by natural river water.  The intangible agricultural 
indigenous concept called Tri Hita Karana was adhered to in organizing the layout of landscape elements such as forest, temple, 
terraced paddy field, irrigation network, and settlement which will continue to affect the sustainability throughout years. 
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1. Introduction 
Human health, homes, food security and safety are all likely to be threatened by the rising of global temperatures 
with the climate change. Farming, because its production continuity depends closely on the water sufficiency, 
becomes the most unstable sector and is at greatly critical risk as the climate change leads to increasing air 
temperature and causes changes in the rainfall pattern.  A deep understanding about the interaction between human 
activities and natural process in agricultural landscapes is required in order to improve and strengthen the adaptive 
capability in response to the climate change since new patterns and functions for natural landscapes to sustain will be 
needed while adapting to favorable conditions for humans represent effectively created landscape management. 
Agricultural landscapes, as a part of the cultural landscape have been reflecting economic, spiritual, ethical and 
aesthetic values throughout their history1. The formation of a terraced agricultural landscape is created by interaction 
process between physical conditions (i.e. soil, climate and hydrology) and cultural factors (i.e. tradition, religious 
philosophy and practice). Terraced agricultural landscape in Batukaru Mountain slope is recognized as one of the 
wonder wet land civilizations in Bali. During the past thousand years’ development and cultivation, the terraced 
landscape has been sustained in all climatic circumstances and created a unique landscape that has not changed. It is 
believed the rice field terrace has been in existence and well managed since the IX century by the local Bali 
irrigation system which is known as Subak2. A part of its terraced rice landscape which is located in this Jatiluwih 
village’s slope has also been selected as a World Natural and Cultural Heritage site in 2012.  
An amount of research has been done to study the characteristics of the rice ecosystem in Batukaru’s mountain 
slope of Bali such as birds in rice paddy terraces3 and the water management system by Subak4. This study 
investigates the spatial pattern of the Batukaru Mountain’s terraced agricultural landscape by geographical 
information system. The intangible indigenous mechanism behinds its spatial pattern and agro-cultural sustainability 
in response to their physical adaptation was discussed physically and culturally.  
1.1. Study area 
The study area is situated in the middle part of Bali, Indonesia to includes four villages: Belimbing, Wanagiri, 
Wongayagede, and Jatiluwih in Tabanan Regency where rice field landscape in Bali is mostly located. The study 
area has approximately 850 km2 and a range of land surface types. The site is high in the Batukaru mountainous area 
with an elevation ranging from 300 to 2250 m dominated by a tropical climate with the mean annual temperature is 
27ºC. The area is strongly influenced by two monsoons which bring the dry and rainy seasons. The total annual 
precipitation is 3210 mm with the majority of rain between December and February and the dry season falls from 
May to September5. The climate pattern in the study area is on C type which means medium wet area. There are 
about eleven major river systems in the study area. The soil and the vegetation are of rich diversity and both 
correspond to the tropical mountainous climate condition. Fig. 1 shows the location of the study area.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The study site in the island of Bali, Indonesia 
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2. Data and Methods 
To support the landscape spatial pattern analysis, the landscape was classed using the land use map of 2008 [6] 
and the river map of Bali. A digital elevation model derived from Shuttle Radar Elevation Data was created (Fig. 2). 
All the digital data were re-projected into the UTM WGS 84 projection zone 50S using ArcMap 10.1. In order to 
understand the local history and culture, living customs philosophy, and natural resource management, field 
investigation by historical literature review and interview of local farmers during 2002–2003 was compiled.  There 
were four main landscape characteristics that modified from the previous study of agriculture landscape pattern8 and 
can be identified in this landscape. Those landscapes were terraced, dominated by paddy field and dry land, 
vegetation dominated by forest and mixed garden, water, and village landscape dominated by settlements (Table 1).  
     Table 1. Landscape and land use classes 
Landscape Land use   General description 
Terrace Irrigated paddy field Terrace paddy field located in above of 5º depends closely with river 
water irrigation 
 Rain fed paddy field Paddy field with local red paddy variety depends on rainfall 
 Dry land  
Vegetation Mixed garden Complex of cultivated and semi-cultivated plants 
 Bush land Natural bushes  
 Grassland Natural grass 
 Forest Tropical rainforest 
Water Water bodies Permanent open water except  river 
Village  Settlement Residential area with linear and  regular house pattern 
 
Spatial analysis of the slope and elevation steepness with regard to the landscape classes of Batukaru’s landscape 
was carried out in order to identify the spatial distribution and transformation pattern among landscape classes from 
the top to the bottom of the study area. Raster data were super-imposed onto each of the classified slope and 
elevation. The elevation and slope map can be seen in the Fig. 2.  The underlying cultural indigenous knowledge 
which contributes to the sustainable system of agricultural landscape in response to the physical conditions was 
discussed descriptively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2.  The map of elevation and slope of Batukaru Mountain, Bali 
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3. Result and Discussion 
 
3.1. Landscape composition and patterns 
 
The classification map of Batukaru’s agricultural landscape is shown in Fig. 3. Table 2 shows the area pattern 
characteristics of the Batukaru’s agricultural landscape. The landscape of vegetation was the largest landscape in the 
study area (92.55%) followed by the terraced landscape (7.19%). Mixed garden was the dominant landscape classes 
covering 77% of the total area. Forest is the second extensive landscape class (14.71%) followed by irrigated paddy 
field (3.03%) and rain-fed paddy field (2.48%). The remaining landscape classes such as dry land, bush land, grass 
land, water bodies and settlement are a relatively small percentage of the total area. The pure spring water of the 
river flows from top to the bottom throughout the year with the length of 471 km.  
               
 
Fig. 3. Landscape types and distribution 
3.2. Vertical characteristic of landscape types by slope and elevation 
Fig. 4 displays the distribution of landscape classes by the range of slopes and elevations. The vegetation 
landscapes which are dominantly composed of mixed garden and forest were found in most of the slope categories, 
but those are primarily distributed on slope of 10–20° and 20-30°, respectively. The highest slope of 30-70° in the 
top of Batukaru mountain was covered by bush land. This bush land formation is naturally influenced by climatic 
condition of the study area.  The grass land for the cattle can be found in the minor amount in the even slope of 0-5°. 
Most of settlements were located on the slopes below 30° and mainly concentrated on the slope of 5-10°. However, a 
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few settlements were still can be found in the slope of 30-40°, nearby the dry fields. For the terraced landscapes, 
paddy field and dry field were both primarily distributed on the slopes range from 5-20° and only few dry land fields 
were located in the slope from 30 to 50°.  A considerable number of paddy field and dry land still can be found on a 
slope of 20-30°.  This result corresponds with the studies carried out in other Asian areas such as Japan and China 
where terraced paddy field are generally located in above of 5º and 10º, respectively7,8. 
        Table 2 Pattern characteristics of the Batukaru’s agriculture landscape 
Landscape 
type 
LULC type Area Patch number 
Average 
area/patch 
(ha) 
Perimeter 
(km) 
Average 
perimeter/ 
patch (m) Ha % No. % 
Terrace Irrigated paddy field 2,573.5 3 49 25.1 52.5 293.2 5,982.7 
 Rain fed paddy field 2,108.8 2.2 7 3.6 301.3 149.5 21,360 
 Dry land 1,427.7 1.7 9 4.6 158.6 54.7 6073.3 
Vegetation Bush land 97 0.1 5 2.6 19.4 9.9 198.2 
 Grass land 1.2 0 1 0.5 1.2 0.7 720 
 Mixed garden 66,072.6 77.7 40 20.5 1,651.8 3,882.1 97,052.5 
 Forest 12,501.6 14.7 2 1 6,250.8 216.4 108,200 
Village Settlement 216.9 0.3 81 41.5 2.7 56.5 697.5 
Water Water bodies 0.7 0 1 0.5 0.7 0.3 310 
         
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  4.  Histogram of land use types by the range of slopes (a) and elevations (b) 
The top of the mountain that has elevation between 1500-2250 m was naturally covered by the bush land. The 
rain tropical forests were located below the bush land and spread above the altitude of 500 m in the study area. The 
mixed garden which consists of complex plants was mainly distributed from 300-1000 m in elevation. Terraced 
landscapes including the irrigated and rain-fed paddy fields were mainly distributed on the elevation from 300-1000 
m and the dry land fields were primarily found at the elevations of 500-1000 m. Settlements and water bodies 
(except river) were mainly distributed in the same elevation of terraced landscapes. The linear village settlement was 
distributed scattered particularly along the main road.  
This landscape classed by the range of slopes and elevations shows vertical distribution of the different types of 
landscapes from the top and lowest of study area. The highest elevation and steeper slope (40-50°) that are very 
sensitive with the natural hazards are protected by natural vegetation landscape.  At the lower area where the mixed 
gardens are located, even though it is still physically protected by tree covers, cultivated/semi-cultivated plants were 
planted deliberately for economical and food safety of local people such as orchards, medicinal gardens, and wood.  
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Most of terraced landscapes, village and water bodies were located at lower level of the forest and mixed garden. 
This finding demonstrates a local harmony of vertical composition of landscape pattern by slopes and elevations 
which wisely conserves water and soil and flows material and energy effectively and efficiently. The physical shape 
of terrace for paddy field cultivation represents an important role to prevent soil erosion/landslides and maximally 
utilize of water supply before it is distributed to the lower paddy fields. The presence of water flow and circulation 
of water in terrace paddy fields also reflects multi functions to prevent flooding and recharge ground water. The 
terraced paddy field shape was also important to absorb phosphorus acid, control the growth of weeds and the flow 
of nitrogen, and the local climate control through the process of evapotranspiration of plants.  
 
    
3.3. Implementation indigenous knowledge in response to physical factors 
 
Over the past thousand years and generations, people accepted the local wisdom concept called Tri Hita Karana. 
The concept was implemented on human space arrangement from micro scale spaces such as personal paddy field, 
house, temple, to macro scale spaces such as subak region, village, and town. The closest highest place (mountain, 
hill) or major life resource based places and sunrise-sunset orientation based places were both used to define the 
landscape element direction and allocation. Those two direction concepts arrange the people spatial’s distribution not 
only vertically but also horizontally. Figure 5 shows the implementation of Tri Hita Karana concept in the spatial 
pattern. 
 
 
 
 
 
 
 
 
 
 
 
  
Tri Hita Karana concept: 
A: Parahyangan (Man-God) 
B: Pawongan (Man-man) 
C: Palemahan (Man-environment) 
Fig 5. Implementation the traditional living concept Tri Hita Karana on spatial pattern 
Local people strongly believed that human life has to always keep relationships in harmony and good balance to 
the god (Parahyangan), people (Pawongan) and nature (Palemahan). Accordingly, worship temples as a reflection 
place of human and God relationship can be found in sacred places such as in forests, spring water, lakes and 
irrigation canals. The holy Hindu ceremony was regularly done in those temples in particular times which have been 
related with planting seasons and macrocosm system. Pawongan concept was reflected by the good interaction 
between local people in communal groups such as the subak and the village regulated by rules. Palemahan concept 
was represented by having respect for nature with protecting hazardous high risk places from intensive development 
and mostly keeping it vegetated as forest or semi-intensively used for mixed garden, bush land and grassland. 
People’s life concept in personal paddy field was shown by two temples in the inlet and outlet water canals, 
terrace of paddy field for interactive farmer’s workspace and, telajakan, a local name of mixed garden, usually 
located in river bank and steep slopes to conserve paddy field. These traditional agricultural beliefs and practices 
which have created agricultural landscape elements are interrelated and influence each other, composing a regular 
indigenous pattern of life in harmony with the nature.  
Water resources play a pivotal role in maintaining the sustainability of irrigated terraced paddy field which need 
 
B.  Paddy field 
Water inlet 
Water outlet, telajakan 
 
A: Mountain, temple 
B: Village 
C : Paddy field, mixed garden 
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lots of water in both the dry and rainy seasons. To regulate water allocation and utilization control effectively and 
efficiently, the farmers have developed a traditional water organization called Subak. Using their traditional 
measurement scale, local people in Subak built and maintained controlled canals and ditches to translocate water in 
upper terraced paddy fields down through the communal Subak water temple to private terraced paddy fields. 
Obstacles of sites which are located far from the river or higher than the river were overcome by building dams to 
collect water from upper streams and tunnels. 
Water surplus in upper terraced paddy fields in the rainy season was maximally utilized to water simple fish 
ponds built in the paddy field before it was transported to the other areas. The scarcity of water in the dry season was 
tackled by planting transitional horticulture plants that need relatively less water instead of paddy. This aims to 
rehabilitate the soil structure and control paddy diseases and pests. During fallow time in paddy field, farming work 
was focused in maintaining a mixed garden. This system shows the traditional agro responses in facing local climatic 
situation that has allowed paddy fields to continue to be economically and physically productive throughout the year. 
 
4. Conclusions 
 
In this work, a typical agricultural landscape in Batukaru’s slope was revealed and proposed as an outstanding 
example of sustainable development that copes with environmental condition mainly physical obstacles (soil, water, 
climate) throughout the years. The stability of agricultural landscape was attributed largely to its unique vertical 
distribution pattern of landscape components. The cycle of natural material and energy in the physical slope and 
elevation condition enhanced by the adaptive irrigation management system have provided the foundation for the 
sustainable landscape development. The indigenous agricultural knowledge base, Tri Hita karana, has fulfilled 
efficient utilization of natural resources and secured the natural system by spatial pattern arrangement vertically and 
horizontally. The relevant traditional knowledge can be adopted in the modern conservation and sustainable 
development to improve and strengthen an adaptive capability in response to the climate change. 
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